associated with increased PTSD symptoms in a multivariate ordinal regression model were younger age (0.74 per 10 years older, p = 0.082), length of ICU stay (OR = 1.4 per doubling of duration, p = 0.003) and having some (OR = 4.9, p = 0.06) or many (OR = 55.5, p < 0.001) traumatic memories of the ICU or hospital stay. Conclusion: As many as 38% of patients after abdominal sepsis report elevated levels of PTSD symptoms on at least one of the questionnaires. Our nomogram may assist in identifying patients at increased
Introduction
Posttraumatic stress disorder (PTSD) is the development of psychological and physical symptoms following exposure to one or more traumatic events [1, 2] . PTSD symptoms include intrusive recollections (re-experiencing the trauma in flashbacks, memories or nightmares); avoidant and numbing symptoms (including diminished emotions and avoidance of situations that are reminders of the traumatic event); and hyperarousal (including increased irritability, exaggerated startle reactions or difficulty sleeping or concentrating) [3] . PTSD symptoms have a major impact on life, illustrated by the fact that the patients have a reduced quality of life [4] and frequently suffer from depression [5] .
Events that typically trigger the development of PTSD include exposure to violent events such as rape, domestic violence, child abuse, war, accidents, natural disasters and political torture, all of which include a threat to life [6] [7] [8] . Increasingly PTSD has also been found in patients who have survived a major, life-threatening disease and patients who have spent a significant amount of time in an intensive care unit (ICU) [9] [10] [11] [12] [13] . Severe peritonitis (or abdominal sepsis) is such a disease where typically an episode of acute and severe illness [14, 15] is followed by a lengthy ICU stay and a long recovery period that often includes multiple surgical and non-surgical interventions [16] [17] [18] [19] [20] [21] [22] . This combination of factors could make this patient group particularly vulnerable for developing PTSD symptoms. To date, little is known about the presence and severity of PTSD and possible risk factors in patients recovering from severe peritonitis [15] . Therefore, our aims were to determine the presence and level of symptoms of PTSD in patients surviving abdominal sepsis. In addition, we searched for demographic and disease-related factors associated with higher levels of PTSD symptoms. Identification of such factors may be important to determine possible targets of intervention and to select patients for psychological assessment interviews.
Methods

Study design
Our study was embedded in an ongoing randomized clinical trial (the RELAP Trial) evaluating two surgical treatment strategies for patients with secondary peritonitis after the initial emergency laparotomy. Patients were enrolled between December 2001 and February 2005 in two academic medical centers and seven regional teaching hospitals in The Netherlands. All patients were followed up for 12 months after initial (index) laparotomy.
The study was approved by the medical ethics committee of the Academic Medical Center, Amsterdam. All patients gave informed consent to participate in this study.
Study population
Patients were eligible for the RELAP trial if they had a clinical diagnosis of secondary peritonitis requiring emergency laparotomy and an Acute Physiology and Chronic Health Evaluation II (APACHE-II) score above 10 . Further details of the study population can be found elsewhere [23] .
Data collection
All self-administered PTSD questionnaires were distributed by mail to patients who survived at least 12 months following initial emergency laparotomy, with a reminder by phone within 2 weeks in the case of no response. After 1 month without response a new questionnaire including a reminder letter was sent.
Instruments assessing the level of PTSD symptoms
We used two instruments with good psychometric characteristics [24, 25] for measuring PTSD symptoms in research settings: the Post-Traumatic Stress Scale 10 [26] and the Impact of Event Scale-Revised [27, 28] .
The Post-Traumatic Stress Syndrome Scale 10 (PTSS-10) was originally designed to diagnose PTSD according to the Diagnostic and Statistical Manual of Mental Disorders III (DSM-III) criteria in victims of natural disasters [14] . The PTSS-10 is now a widely used self-report questionnaire assessing symptoms related to PTSD, particularly in critically ill and ICU patients [4, 11, 12] . The PTSS-10 consists of 10 items, each of which ranges from 1 point (none) to 7 points (always). The total score ranges from 10 to 70, with higher scores indicating more symptoms; scores of 35 or above are considered indicative of PTSD [11, 29] .
The Impact of Events Scale-Revised (IES-R) is one of the most commonly used self-report questionnaires for determining PTSD symptomatology following a trauma [27] . The IES-R consists of 22 items, each ranging from 0 (no problems) to 4 (frequent problems), with the total score ranging from 0 to 66. Scores above 24 points are generally considered indicative of PTSD, with higher scores indicating more symptoms [28] . The IES-R has been developed based on DSM-IV criteria and therefore has three distinct subscales, the avoidance subscale (eight questions), the intrusion subscale (eight questions) and the hyperarousal subscale (six questions) [28, 30] , and is one of the most frequently used self-report questionnaires in both the clinic and in PTSD research [27] .
Potential risk factors
Potential risk factors were selected from previous studies [31] examining factors for increased mortality and morbidity [17-22, 32, 33] in secondary peritonitis supplemented with specific factors mentioned in the PTSD literature [6, 9-11, 14, 34, 35] . We divided these factors into three distinct categories.
General patient characteristics included age, gender and the presence of major comorbidity (cardiovascular disease; COPD; renal failure; diabetes; malignancy).
Disease characteristics and postoperative course included severity of disease measured at the time of initial laparotomy using the APACHE-II score. As several components of the APACHE-II score are already considered in a univariate analysis (namely age and comorbidity); we chose to replace the APACHE-II score with the APS score as a potential predictor of PTSD [36] . The APS comprises only the acute components of the APACHE-II score, without age and comorbidity. Postoperative characteristics included administration of hydrocortisone during ICU stay [13, 37] , development of acute respiratory distress syndrome (ARDS), [4, 12, 20] , number of relaparotomies, duration of ICU and hospital stay, the development of a disease-related major morbidity during 6 months' follow-up [23] and an enterostomy present after 6 months' follow-up.
Traumatic memories of ICU/hospital stay were assessed using the four-item adverse experiences questionnaire, which captures four types of traumatic memories of the stay in the ICU or hospital ward: nightmares, fear and panic, pain, and difficulty in breathing [13] . Patients scored the frequency of traumatic memories of their stay in the ICU or hospital ward using a four-point scale of 0 (never), 1 (sometimes), 2 (regularly) or 3 (often), administered concurrently with the PTSS-10 and IES-R questionnaires after at least 12 months' follow-up. These were subsequently summed and classified into three graded categories of traumatic memories: 0 (no traumatic memories), 1-4 (some traumatic memories), more than 4 (many traumatic memories).
We also collected data on whether patients had experienced other traumas or whether a close family member or friend had experienced a trauma within the previous 3 years. We used questions 29 and 30 from the Life Stressor Checklist-Revised [38] , administered at the same time as the PTSS-10, IES-R and Beck Depression Inventory II (BDI-II) questionnaires. Responses were given dichotomously as yes or no, and patients were subsequently asked to specify the event type [38] . These questions were asked to determine to what extent the PTSD symptomatology found in this patient group was due to their peritonitis or to other traumatic events.
Data analysis
We used two instruments aimed at measuring the presence and severity of PTSD symptoms in our population, each with their own cut-off value. Combining data from two instruments measuring the same construct (PTSD symptoms) may lead to a more robust classification of patients. To preserve the natural ordering of patients who scored below the cut-off value on both questionnaires ('low-scoring patients'), patients scoring above the cut-off on only one of these questionnaires ('moderate scoring patients') and patients scoring above the cut-off on both questionnaires ('high-scoring patients'), we applied ordinal regression modeling. The proportion of patients in each of these three categories is presented with 95% confidence intervals (95% CI) using the method of Wilson [39] .
Potential predictors for PTSD symptoms were analyzed using an ordinal logistic regression model. This ordinal regression model is an extension of the binary logistic model and is appropriate when a continuous trait is grouped into several categories by using cut-offs [40] .
All potential predictors for PTSD symptoms were first examined in univariate ordinal regression models. Factors with a p-value of less than 0.1 were entered in a multivariate ordinal logistic regression model. If variables within a group of predictors were strongly correlated, only the factor with the strongest univariate relationship and/or most relevant clinical interpretation was added to the model. Because the literature on PTSD and ICU studies shows them to be clinically relevant, age and gender were always included in the multivariate model regardless of the strength of their associations [34] .
In addition, a factor comprised of other non-related traumas that the patient had experienced within the previous 3 years was included in the final model to assess its potential confounding role.
The fit and validity of the model was evaluated by checking the discriminatory properties (overlap in risk scores of patients with different outcomes), the proportional odds assumption (test for parallel lines) and calibration (closeness in expected and observed numbers of patients evaluated by an extension of the Hosmer-Lemeshow goodness-of-fit statistic).
Calibration was checked by comparing expected and observed number of patients in each of the three outcome categories across deciles of expected risk and tested for significance by using an extension of the HosmerLemeshow goodness-of-fit statistic [41] .
Nomogram: A nomogram was developed to visualize the prognostic strength of the different factors from the multivariate model in a single diagram. A nomogram allows readers to calculate an expected distribution of PTSD symptomatology ('low-scoring', 'moderate-scoring' and 'high-scoring' patients) based on a specific profile of a patient. The number of points for each predictor was based on the original coefficient from the multivariate ordinal model. The total number of points derived by specifying values for all predictors was used to calculate the expected probabilities that a patient would be a 'low-scoring patient', a 'moderate-scoring patient' or a 'high-scoring patient'.
Analyses were performed using SAS software version 9.1 (SAS Institute Inc., Cary, NC, USA).
Results
Of the total of 132 patients eligible for this study, 108 (80%) patients responded to the questionnaire (Fig. 1) . On average the responses were provided approximately 12.5 months following initial emergency laparotomy. There were no significant differences in any of the patient or disease characteristics between respondents and non-respondents.
The median age of patients was 66.8 years and 54% were male. Patients were severely ill, with a median APACHE-II score of 14 and a median APS score of 6, and 5% had a major comorbidity (Table 1) . Ninety-six patients (89%) were admitted to ICU: their median ICU-stay was 7 days, and these patients were mechanically ventilated for a median of 5 days. Patients were hospitalized for a median period of 28 days (IQR 19-55 days). Fifty-one percent of patients also underwent another trauma in the 3 years prior to filling in the PTSD questionnaires.
Prevalence of PTSD symptoms
The proportion of 'moderate-scoring' PTSD patients was 28% (95% CI 20-37%), whilst 10% (95% CI 6-17%) of patients were 'high-scoring' patients (Table 1) . Detailed information on depression and PTSD symptoms is presented in the electronic supplementary material (ESM). 
Predictive factors
Results from the univariate analysis are presented in Table 1 and Table 2 , and descriptive details can be found in the ESM.
The final multivariate model included age, gender, length of ICU stay, disease-related morbidity during the 6-month follow-up, traumatic memories of the ICU or hospital stay and other traumatic factors within the previous 3 years ( In our final model, increasing age was associated with a lower likelihood of PTSD symptomatology (OR = 0.74 per 10 years increase in age, p = 0.084). Gender was not predictive of PTSD symptoms (OR = 0.90, p = 0.82). Disease-related morbidity at the 6-month follow-up (OR = 2.1, p = 0.24) was no longer independently predictive of PTSD symptoms. Memories of the ICU/hospital stay (patients that reported some memories: OR = 4.9, p < 0.057; patients that reported many memories: OR = 55.5, p < 0.001) were the most prominent independent risk factor for increased PTSD symptomatology. Length of ICU stay was also significantly predictive in the development of PTSD symptomatology in the multivariate model (OR = 1.4, p = 0.004). The relative strengths of these relationships are visualized in the nomogram (Fig. 2) . In this nomogram, one can calculate for the individual patient given his/her risk profile the probability that he/she will score either no to mild, moderate or high PTSD symptoms according to the PTSS-10 and IES-R.
The proportional odds assumption was not violated as indicated by a p-value of 0.694 for the test of parallel lines. Calibration of the model (closeness between predicted and observed probabilities) was good, with a p-value of 0.987 for the goodness-of-fit test for ordinal models. A graphical impression of the model's discriminative ability is shown in Fig. 3 . This figure shows that the mean risk score is significantly different between all three PTSD symptom severity categories (p < 0.001), although there is some substantial overlap in the risk scores between patients from different categories of PTSD symptom severity.
Discussion
The proportion of patients with 'high-scoring' PTSD symptomatology 12 months after peritonitis was 10%, and the number of 'medium-scoring' patients (28%) was in line with earlier studies measuring PTSD symptoms in critically ill patients who had been admitted to ICU [9-13, 15, 42] . The prevalence of PTSD recorded in the general population varies between 0.9% and 2.9% (the ESEMeD study) [7, 43, 44] .
From our study, the following observations can be made. Firstly, the development of PTSD symptoms is not directly related to the severity of the disease at presentation. The APS score at baseline was not predictive for the development of PTSD symptoms. The APS measures the severity of disease score solely on the weight of the acute clinical features and does not incorporate age and comorbidity [36] .
The development of PTSD symptoms was, however, predominantly related to a more complicated course of secondary peritonitis. Longer ICU and hospital stays and major disease-related morbidity during the 12-month follow-up were associated with more PTSD symptoms. In concordance with earlier studies [15, 34] , the strongest predictor of having PTSD symptoms following abdominal sepsis was having traumatic memories and experiences during their initial hospital or ICU stay. These results suggest that the presence of traumatic memories is one of the most relevant aspects for the development of PTSD-related symptoms. Earlier studies also found that subjective interpretation of the intensive care experience emerged as a consistent predictor of adverse emotional outcome in both the short and the long term [13, 34] .
Age plays a critical role in the development of PTSD symptoms. Younger patients are much more likely to develop and report such symptoms. This finding confirms the results of an earlier, retrospective study of a different cohort of patients 4-10 years after hospital admission for severe peritonitis [15] . These findings suggest that older patients are more able to adapt to the limitations that are associated with experiencing such a major disease, most likely because they have already experienced a co-morbid illness and health-related problems. In contrast to some other studies, gender did not play a role in the development of PTSD symptoms [34] .
Patients with abdominal sepsis suffering from ARDS did not report more PTSD symptomatology than those without ARDS. In earlier ICU studies, ARDS patients reported considerable PTSD symptoms [12, 45] . In our cohort of abdominal sepsis patients we found different predictive factors for PTSD than those found in the ARDS patients [10, 12, 15] . Secondary peritonitis in itself may have been severe enough, with ICU admission and extended mechanical ventilation days, to cause PTSD symptoms; therefore, the added risk by ARDS may be moot. Lack of power may also be a factor, because the proportion of patients developing ARDS in this study was modest.
We did not find an association between hydrocortisone administration during ICU stay and PTSD symptoms within this peritonitis cohort, as has been demonstrated for other critically ill patient groups [13, 37, 46, 47] . Hydrocortisone did not protect against developing PTSD symptoms, whereas other studies have found that administration of hydrocortisone during ICU can lead to a reduction in PTSD symptoms after discharge. In this study corticosteroid use during only the first 14 days of ICU was included in our analyses. The effect of prolonged use of hydrocortisone or late-stage use during conditional adrenal insufficiency cannot be excluded.
Unfortunately, due to the acute and life-threatening nature of secondary peritonitis, it was not possible to collect baseline information on PTSD or data on earlier psychological disorders. However, as recommended in a recent review by Griffiths and colleagues [48] , to account for possible earlier traumas we considered information pertaining to comorbid diseases. Furthermore, we collected data on other, non-disease-related traumatic events that had occurred within the previous 3 years. These non-diseaserelated events were indeed associated with having more PTSD symptoms, and altered the initial ORs of the other factors to the extent that we considered it a moderate confounder.
Timing plays an important role in collecting data on PTSD symptoms in critically ill and ICU patients [48] . We set the period for the recording of PTSD symptoms at 12 months for a very specific reason; in this severely ill patient group, we did not want to record patient recovery. Past studies have shown that critically ill patients develop PTSD symptoms only after their physical recovery period has passed, hence with a delayed onset [9] .
Although these self-report questionnaires are frequently used, the diagnostic value of such instruments in relation to a DSM-IV diagnosis obtained by a structured interview is still being researched and discussed [49] . Some studies have reviewed the diagnostic value of the questionnaires, but in general these studies were methodologically limited [11, 29, 50] . In this study we did not include a structured clinical interview for establishing a definite DSM-IV criteria diagnosis of PTSD, although this is highly recommended in clinical psychology. However, we feel that the use of questionnaires is more feasible in the ICU [48] , and patients who report many symptoms on these self-report questionnaires [51] can subsequently be referred to an appropriate mental healthcare provider [50] .
In this study we have tried to learn from two questionnaires, one commonly used and validated in particular for critically ill patients, together with one of the most frequently used screening instruments for PTSD, the IES-R. The prevalence of PTSD symptomatology in the present study was based on whether or not a patient scored above the cut-offs of the IES-R and the PTSS-10. We employed the two questionnaires as complementary for the detection of PTSD symptoms and not to compare results deduced from both questionnaires separately [49] . Combining the results of both questionnaires in our analysis was anticipated to lead to a more robust assessment of the factors associated with more PTSD symptoms. Although these two instruments aim to measure the presence of PTSD symptoms, their concordance in classification of patients was not perfect, with 30 patients (28%) being positive on one questionnaire but not on the other. This demonstrates the difficulty in measuring PTSD symptoms by questionnaire, but also means that both questionnaires are informative in their own right. Combining the two instruments may therefore lead to a more robust classification of patients based on their level of PTSD symptoms and may be a more useful tool in screening patients following ICU stay, while potentially reducing biases due to instrument variation [52] .
We assessed traumatic experiences during ICU/hospital stay based on the patients' recollections (after 1 year). The patients' perceived traumatic experience may well have contributed to the development of PTSD symptoms, but it is also possible that having PTSD symptoms influenced their perceptions. Future studies should aim to prospectively quantify traumatic experiences during or shortly after ICU stay to draw more causal conclusions, even though this might be difficult in patients with such a lengthy recovery period [9, 48, 53, 54] .
In the clinical setting, there is a continuing debate on whether to intervene in the more acute peritraumatic psychological processes or in a later phase, when symptoms or prodromes of PTSD are observed. By improving our understanding of which factors play an important role in the development of PTSD, we can better prevent PTSD symptoms in high-risk patients and decide when best to intervene. The aim of our predictive model is for it to be used by treating physicians, following the acute episode and phase of secondary peritonitis in which survival and physical recovery are the main concerns, to recognize high-risk PTSD patients. This relatively simple model can aid the surgeon, for instance, during the first outpatient visit in determining which patients are at higher risk for the development of PTSD symptoms. However, before this nomogram can be used to actually predict PTSD symptomatology in clinical practice, it must be externally validated in another cohort of patients with secondary peritonitis.
In conclusion, 10% of peritonitis patients report 'high' PTSD symptomatology and another 28% 'moderate' PTSD symptoms. Factors that were related to more PTSD symptoms included younger age, traumatic memories of the period of hospitalization and length of ICU stay. Knowledge of these predictive factors is required to increase awareness, and to develop tailored early treatment options for these high-risk patients our nomogram may assist in identifying patients with PTSD symptoms.
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